
- -

~~~ 

—

1~ / ~~~
) 

-
-

~~~~~~Thchnlcal R.ps,I~~ 3
— 

‘ .  
,

- .~~~~~~~~~~

e0MBAT OPERATIONS TRAINING )

/~ FFECTWENESS ANALYSIS MODEL~1/1979 PERSPECTIVE . I
4~
. L J

1:”.’
Steven M. MedIj n

ENGAGEMENT SIMULATION TECHNICAL AREA

~~1
‘

~~—~~~ ~~ 
~~ 2 

~
“ 

~/ 7~ 
‘
~~

/

D DC
~~~~~~~~~~~~~~~~~~~~~~~~~~~

10 1919
~~~ij; 

~~ , 

U

U. S. Army
Research Institute for the Behavioral and Social Sclei,ces

2 //ulf ll!J / ~~~
Approv ed ~er public riles..; d ist ri buti on unlimited. /

,~~~ 
6, 79 ~ 2 7 0 65

I

____________________________ -— —



_ _  ~---- —~~ 

U. S. ARMY R ESEARCH INSTITUTE
FOR THE BEHAVIORAL AND SOCIAL SCIENC ES
A Field Operating Agency under the Jurisd iction of th e
Deputy Chief of Staf f  for Personn el

WILLIAM L. HAUSE R
JOSEPH ZE IDNER Colonel . U S Army
Technical Direct or Command er

- .

Ti LA !
NOTICES

DISTRIB UTI ON: Pr.msry distribution of this report Pt~ bsen nii ~~ by ARI. Pt.... eddrus corrsst,ondsn~.concerning distribution Of sports to: U. S. Army Pa~ srch Instilut. f*r the Behavior•I snd Soci.l Scisnces.ATTN. PER1.P , 5001 Eis.nhoocr Avenue. Aio~andrii Virgi ni. 22333.

FINAL DISPOSITION This re oqt m y  be dsst royid ssfien it is no longer needed . PIIIN do not return It to
the U. S. Army N.s,.rcsi Institut, for the Schevior.I end Soci l Sciences.

~QIL Th. findings in this report ev, not to bi construed as an offlci.I Ospo,tvnent of the Army position,
unless ce des~nItsd by other .uthoriled documents.

LI ~~~~~~~~~~~~~~~~~~ L _ _ _  

_ 
_ ______



- -

Unclassified
SECURITY CLASSI FICATION OF THIS PAGE (Wh en 0.,. ftnt.r.d)

~~~~~~~~~~ r~~~,-. i &a~~ ki~~~A,9r~IJ DA 1
~~~ 

READ INSTRUCTI ON S
i~~~~~FVl~~ I U’JS..VMCI~~ U ~~ I itJ1~ ~ BEFORE COMPLETIN G FORM

F~ REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENTS CATA L OG HUMBER

Technical Report 393 
____________________________

4. TITLE (end Subtiil.) S. TYPE OF REPORT & PERIOD COVERED

COMBAT OPERATIONS TRAINING EFFECTIVENESS --
ANALYSIS MODEL: 1979 PERSPECTIVE

S. PERFORMING OR G. REPORT NUMBER

7. AUTHOR(s) S. CONTRACT OR GRANT NUMS ER(a)

Steven M. Medlin --
C. PERFORMING ORGANIZATION NAME AND ADDRESS to. PNOGRAM ELEMENT PROJECT . TASK

U.S. Army Research Institute for the Behavioral
and Social Sciences 2Q762722A764

5001 Eisenhower Avenue, Alexandria, VA 22333 
___________________________

II. CONTROLLING OFFICE NAME AND ADDRESS t2. REPORT DATE

Deputy Chief of Staff for Personnel ju1~’ 1979
IL NUM BER OF PAGE S

Washington , DC 20310 
20

14 MONITORING AGENCY NAME C ADDRESS(U dltl.,.n t from Cantroltin4 Olfic.) *8. SECURITY CLASS. (of thu ?.port)

—— Unclassified
IS.. DECLASSIFICATION/DOWNG RADING 

—

SCHEDULE

15. DISTRIBU TiON STATEMENT (of hi. R.port)

Approved for public release; distribution unlimited.

I?. DISTRICUTION STATEMENT (of ha ab.tr.ct ant.r.d in Block 20, i f diff.ronl from Report)

IS. SUPPLEM ENTARY NOTES

II. I~EY WORDS (Continu. on ever.. aid. if n.c...my end fd.nif~ ’ by block ncenb.r)

Army Training and Evaluation Program (AI~rEP) Evaluation system
Combat Operations Training Effectiveness Expected values subsystem

~ 
Analysis Model (COTEAM)

.., Comparison subsystem
‘
~~gagement simulation

25 ~~~~~ RACT~ (— ~~~~~~~~~~~ — orvoree .5* N .~~~~—-—, ~~~ IdaevSfr by block bar)

~ The Army Research Institute has been involved in a systematic program
of research on unit evaluation. The goal of this research is to develop a
criterion—referenced system for evaluation of unit tactical performance . A
model for an evaluation system is developed using the current ARTEP evaluation
system as a starting point. The model also provides (a) a realistic simulated
combat environment, in which units perform tactical operations and objective ~

(Continued)

DO ~~ W3 £Drnos or ’N ovss ls o.soi.ErE 
i. Unclassified

$EcumrY CLAUW1CAThON oF Tht1 PAGE (Shari Data EIII St.d) 

.~. :. :TY1. ~~~ 
_ i . - 1_ ._~~. ~~—



Unclassified
s ECURITY CLAUIPICATION OF THIS PAGE(Whmi Data Zni.ssd)

tern 20 (Continued)

performance data can be obtained ; (b) procedures for defining standards
against which unit performance can be compared; and (c) techniques by which
training deficiencies and training level/combat readiness can be assessed .

A review of the current status of the COTEAM evaluation system m di- f
cates that research is being conducted on all aspects of the model: (a) The
ARTEP manual is being modified to provide empirically determined behavioral
objectives, a list of training diagnostic behaviors, objective standards,
and a program of instruction for ARTEP evaluators. (b) The COTEAM simulated
combat environment exercises are superior to ARTEP field exercises in pro—
moting tactical proficiency , terrain appreciation, and use of cover and
concealment in providing immediate, valid feedback to individuals and
weapon systems; in enhancing troop motivation ; and in allowing ample oppor-
tunity for collection of objective data on unit performance. (c) A set of
systematic methods for defining specific performance criteria against which
unit performance can be compared are being developed , validated , and imple-
mented . (d) A comparison process, in which behaviors observed in field 

•
exercises are compared to performance criteria, is being explored. This
comparison subsystem allows for decisions concerning the training level!
combat readiness of the unit being evaluated .

Unclassified
SECURITY CLA SSIFICATION OF TH IS PAGE(Whe n Data Rntar•d)

I.
- .~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~-- L . _ ~~~~~~~~~~~~~~ -~~~~~~~~~~ 



— ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— ----

Technical Report 393

COMBAT OPERATIONS TRAINING
EFFECTIVENESS ANALYSIS MODEL:

1979 PERSPECTIVE
Steven M. Medlin

Angelo Mirabella, Team Chief

Submitted by:
Robert T. Root. Act ing Chief

ENGAGEMENT SIMULATION TECHNICAL AREA

Approved by:

Frank J. Harris. Acting Director
ORGANIZATIONS AND SYSTEMS
RESEARCH LABORATORY

U.S. ARMY RESEAR CH INSTITUTE FOR THE BEHAVIORAL AND SOCIAL SCIENCES
5001 EIsenhowe r Avenue. Alexandria . VirgIn ia 22333

Office, Deputy Chief of Staff for Personnel
Department of the Army

July 1979

Army Project Numb r Training and Education
2Q7e2122A754

A4Whrossd for public rblssss; distribution unlimited. 



- . - .  -~- _~
j
~ J~~T T:-. --

~
- -~ —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘
~~~~~ 

.---- - - -

ARI Research Reports and Technical Reports are intended for sponsors of
R&D tasks and for other research and military agencies. Any findings ready
for implementation at the time pf publication are presented in the last part
of the Brief. Upon completion of a malor phase of the task, formal recom-
mendations for official action normally are conveyed to appropriate military
agencies by briefing or Disposition Form.

~

iv

—— --‘.-. ~~~~~~~~~~~~~~~~~~~~ . .~-- -



FOREWORD

The model presented in this paper was developed under the Training
and Education Project in the Engagement Simulation Technical Area of
the Army Research Institute for the Behavioral and Social Sciences (ARI).
The goal of this project was to provide quantitative methods for evalu-
ating unit proficiency. The means for achieving this goal included
basic research in criterion—referenced test methodology , measurement
and scaling model s, and decisionmaking implications of test score
interpretation .

ihc Combat Operations Training Effectiveness Analysis Model ( cOTEAM )
is a criterion-re ferenced evaluation system based on the Army Training
and Evaluation Program (ARTEP). The model integrates aspects of all
parts of the Technical Area work program : evaluation of small combat
units in a simulated combat environment (ARTEP, REALTR.AIN), ARTEP evalu—

~tor training , methods for developing performance criteria , and improved
training—diagnostic feedback procedures . Research from all of these
areas is related to the COTEAM framework .

Anticipated future research under the Training and Education Proj-
ect includes the development of a computer model for performance evalua-
tion and development of measurement , scaling , scoring , decisionmaking ,
and quality-control models for use in performance evaluations when
criterion-referenced testing procedureS are employed .

ARI research in this area is conducted as an in-house research
effort . The research program is responsive to the requirements of Army
Project 2Q762722A764.

S H ZEID~~1
ec ical Director
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COM~AT OPERATION S TRAINING EFFECT IVENESS ANALYSIS MODEL:
1979 PERSPECTIVE

BRIEF

Requirement:

To present the current status of theory and resaarch relevant to
the Combat Operations Training Effectiveness Analysis Model (COTEAM),
an evaluation system for small combat units.

Description of the Model:

The current Army Training and Evaluation Program , ARTEP , possesses
several weaknesses. COTE.AM is based on the ARTEP framework but cor-
rects its shortcomings by providing (a) a realistic simulated oombat
environment in which units perform tactical operations and objective
data èan be obtained , (b) procedures for defining standards against
which unit performance can be compared , and (c) techniques for assess-
ing training deficiencies and levels of training or combat readiness.

Findings:

A review of the current status of the COTEAM evaluation system in-
dicates that research is being conducted on all aspects of the model :
(a) The ARTEP manual is being modified to provide empirically determined
behavioral objectives, a list of training diagnostic behaviors, objec-
tive standards , and a program of instruction for ARTEP evaluators.
(b) The COTEAM simulated combat environment exercises are superior to
ARTEP field exercises in promoting tactical proficiency, terrain appreci-
ation , and use of cover and concealment; in providing immediate, valid
feedback to individuals and weapon systems; in enhancing troop motiva-
tion; and in allowing ample opportunity for collection of objective data
on unit performance . Cc) A set of systematic methods for defining spe-
cific performance criteria against which unit performance can be compared
are being deve loped , validated , and implemented. (d) A comparison proc-
ess, in which behaviors observed in field exercises are compared to per—
formance criteria, is being explored . This comparison subsystem allows
decisions to be made concerning the training level and combat readiness
of the unit being evaluated.

vIl



Utilization of Findings :

The findings of this presentation are being used to further refine
the evaluation system to be implemented in the Army and to foster fur-

- ther research in the assessment of unit performance in field exercises.
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COMBAT OPERATIONS TRAININ G EFFECTIVENESS
ANALYSIS MODEL : 1979 PERSPECTIVE

INTRODUCTION

In recent years , the Army Research Institute for the Behavioral and
Social Sciences (ARI) has been involved in a systematic program of re-
search on unit evaluation . The goal of the research is to develop a
criterion-referenced system for evaluation of unit tactical performance .
Cons iderab le progress has been made in developing evaluation systems
that provide (a) a realistic simulated combat environment in which units
perform tactical operations and in which objective performance data can
be obtained , (b) procedures for defining standards against which unit
performance can be compared , and (C) techn iques for assessing training
deficiencies and training/combat level readiness. One of the current
models, the Combat Operations Training Effectiveness Analysis Model
(COTEAM), uses the current Army evaluation system—-the Army Training and
Evaluation Program (ARTEP)--as a starting point but also includes the
aforementioned critical features.1

As currently used , the ARTEP includes an ARTEP manual , a field
exercise evaluation , and a training program based on the evaluation .
Figure 1 presents a flow chart of the system. As the figure suggests,
the ARTEP manual drives the evaluation system. Based on doctrine and
military expertise , the ARTEP manual was designed to be a training and
evaluation guide . Evaluation requirements are stated in terms of spe-
cific unit performance objectives and focus on whether a unit can per-
form specified missions. Task statements are written at an integrated ,
functional , mission-oriented level. Conditions for performing each
task have been specified to allow greater standardization of the evalu—
ation . Training and evaluation standards provide a relatively objective
basis on which the evaluator can judge the unit’s performance on a par—
ticular task; the standards also can be used to develop training programs.

The external conditions are factors that influence the ARTEP field
exercise and that can be controlled by the evaluator . The ARTEP manual
and doctrine determine mission , posture , personnel, weapons , ammunition ,
and petroleum , oils , and lubricants (POL) . The evaluation team deter-
mines whether the terrain and weather are suitable , and the time of day

model was originally outlined by Eugene Johnson , K. I. Epstein,
and Angelo Mirabella as part of ARI basic research on criterion—
referenced evaluation . Its features have been described in Epste in and
Johnson , 1976 , and Mirabella , 1977. Related evaluation concepts have
been discussed in Erwin , 1976 ; Root , Knerr , Severino , and Word , 1978;
Sulzen ( undated draft report) , Sulzen and Root , 1976; and Sulzen , Root,
and Epstein , 1976.

1
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and intelligence for the exercise. (These are examples of external
conditions , not an exhaustive list.)

Af ter consider ing the external conditions , the evaluation team
designs a field exercise based on the unit performance objecti ves in
the ARTEP manual. Many characteristics of the unit being evaluated
affect its performance in the field exercise; for example , the indi-
vidual skills of the unit’s members, the unit’s training level, and the
unit’s leadership. During the field exercise, the evaluation team uses
the ARTEP manual as a guide in the evaluation process. Based on the
unit’s performance in the field exercise , the evaluation team makes de-
cisions on training level/combat readiness and training remediation.
A training program then is designed to strengthen the unit ’s deficien-
cies and maintain its proficiencies. As Figure 1 shows , this training
program primarily affects the characteristics of tne unit, which in
turn affect the unit ’s performance in its next field exercise.

The ARTEP has several major weaknesses that make an improved corn—
bat evaluation system necessary. The first weakness lies in the lack p

of standardized or scientific procedures for determining the tasks, V
subtasks, and standards in the Training and Evaluation Outlines (T&EOs)
of the ARTEP manuals. The current content of the T&EOs was chosen by
military experts without the benefit of available procedures for in—
suring consensus among different teams of experts.

The second major weakness in current ARTEP use is that the field
exercises are often unrealist4c and do not provide objective data for
the evaluation team. If the field exercises do not provide a realistic
combat environment, then the evaluation of combat units in this setting
has little or no validity.

Third , the ARTEP manual provides little or no guidance to evalu-
ators on how to design exercises, measure unit performance, determine
training proficiencies/deficiencies , or evaluate the observed perform—
ance. Effective and efficient measurement methodology is lacking , par-
ticularly with regard to objective measures of performance and optimal
utilization of limited evaluation personnel and equipment. Current
practice relies heavily on subjective evaluations and the ability of
the evaluation team to anticipate critical events during an exercise
and to insure that those events are observed . At best, such evaluation
yields good qualitative judgments, but there is no assurance that the
judgments will not be more or less arbitrary.

The ARTEP is currently dominated by unsystematized , unaided , idio-
syncratic human judgments. The standards tend to be open to cons -.der—
able interpretation . The complexities of combat are too great to be
handled by an evaluation system based solely on an intuitive , subjective ,
ascientific approach. Although human judgment must play a significant
role in the evaluation process , it must be systematized , aided by
information—processing technology , and made less idiosyncratic. The
lack of objective data and an explicit criterion data base make it

3 
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difficult to interpret the  resu l t s  of an eva luat ion , t o  compare d i f f e r —
out u n i t s , or to  compare the same u n i t  at d i f f e r e n t  t imes  or locat ions.
The evaluation system needs to be driven by object ive , q u a n t i t a t i v e
data. Systematized , aided human jud gment should be supported by quan-
titative measures as much as possible. Because of t h e  complex nature
of f i e l d  exercises , the system should incorporate m u l t i p l e  measures at
several  levels ot resolution .

Thi’ fou r t h  weakness in cur r enL ARTEP use is the lack of guidance
on how users are to dea l wi th  the pa r t i a l ly  stochastic nature of com-
bat . Es t imates  must be made of the degree to which chance event s re-
duce the accuracy of e f fe ct iveness measures and therefore reduce the
validity of the evaluation decisions. L~ w empirical correlations be-
tween var iab les  that would be expected to be hi ghly related on loqical
qroundu can occur for  many reasons . Such reasons inc lude stochastic
effects , uniquely  e f f e c t i v e  or i n e f fec t i ve  behavior by the opposing team ,
n o nt r a L n in g  sources of variance that may n~isk learning e f f e c t s , and the
suppressor variable ef fect s  of events that  intervene between a process
and a la ter  outcome . This suggests tha t  the evaluat ion system should
conside r the processes leading up to  the f i n a l  outcomes , as well as the
f i n a l  outcomes.

F i n a l l y ,  the ARTEP d~~’s not provide guidance in how to develop
rain inq programs from the f i e l d  exerc i se evaluat  ion . Although the

ARTEP i s  a t r a in i n g  and e va l u a t i o n  guide , u n i t s  t yp ica l ly  t ra in  to pr o—
pare for  taking an ARTEP evaluat ion , or test. After an ARTEP exercise ,
feedback to the u n i t  is  provided , but the feedback is nei the r t imely
enough nor in a form that  is use fu l  for developing a t r a i n i n g  program.
~~zrthermore , many aspects of lower echelon performance are neglected
dur ing  the larger ARTEr t it ’ hl exerc ises ;  th i s  violates the  ARTEP concept
of mul t  — e chel on  t r a i n i n g  and evaluat  ion and prevents the in tegrat  ion of
pert i nent informat ion  f rom lower echelons into the t r a in ing  program.
Thus , ci it i~-ai aspects of t r a in ing  w i t h i n  the ~.RTEP are lost (Havron ~
Wanschura , 1979).

L’CTEAM

The ~OTEJ~M evaluat ion system uses the ARTF.P as a s t a r t i n g  point
and s y s temat i c a l l y  addresses the ARTEP ’s weaknesses. Figure 2 present s
a f low chart of COTEAM . A comparison of Fi ures 1 and 2 shows that
cOTF.AM is based on the ARTEP evaluat ion system . The model modifies the
current ARTEP manual and adds these main components: (a) an engagement
simulation field exercise test bed , (b)  the expected values subsystem,
and (c)  a comparison subsystem for  t r a i n i n g  diagnosis .
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Modifications to the ARTEP Manual

Traditionally, the ARTEP manual and the front-end analysis of be-
havioral objectives, performance variables, and measurements have re-
lied heavily on expert military judgments. At ARI, efforts have been
made to use standardized , scientific procedures based on empirical data,
as a way to increase experts’ consensus and as a means of testing and
verifying expert opinion . These methods also provide a basis for re-
ducing many expert opinions down to a manageable set of variables that
are most important in assessing unit performance in field exercises.

One research effort has focused on identifying variables that ap-
pear to be useful in discriminating among units differing in tactical
proficiency. Using a large data base from combined arms field exercises,
critical incidents within exercises have been identified, as well as
the causes or precipitating factors of particularly damaging or helpful
tactical events. These critical events include particularly long delays
between acquiring targets and delivering indirect fire, units that ex-
pose themselves for long periods of time, and breakdowns in conununica-
tions. A prototype ARTEP manual is being developed with a set of diag-
nostics based on these critical incidents. These diagnostics are
“enabling behaviors” ; that is , a unit that performs the behavior is more
likely to complete its task or mission than a unit that does not. Evalu-
ators also can use these diagnostics to help develop training programs
based on the unit ’s ARTEP evaluation. By noting which tasks were not
completed successfully and , with the aid of the diagnostics, tracing
back to determine why a tack was not completed , the evaluator can assess
the uni t ’s training deficiencies and develop a training program to cor-
rect them.

A second research effort is aimed at defining the major dimensions
or factors that military judges use to assess unit performance in field
exercises. Multidimensional scaling (MDS) techniques are being explored
as a means of identifying these important factors. Using written nar-
ratives of 15 different armor/anti-armor field exercises , military offi—
cers were asked to rate each unit’s performances. One of the 15 narra-
tives was used as a “target” ; the other narratives were compared to the
target along certain specific criteria. For instance , the officers were
asked to “judge how similar each narrative is to the target narrative
with respect to the performance of the combat unit in the narratives. ”
Each of the 15 narratives was used as the target; comparisons were made
between all the other narratives and the target. A similarity matrix
composed of all the comparisons was used as input to an MDS computer
program , which mathematically determined how-many factors, or dimensions ,
the judges used in their comparisons. The results yielded a three-
dimensional space ; that is , the judges used only three factors to evalu-
ate unit performance.

6 
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The next step in this research is to define or label these dimen-
sior~s. To do this , a list of possible dimension—defining attributes
is composed , a new set of military judges then ranks the narra tives
with respect to how much each narrative is characterized by the attri-
butes , and these comparisons are used as input to a second MDS analysis.
The set of three attributes that defines a three—dimensional space
most similar to the original is the set of factors that military judges
consider to be important in assessing unit performance in field exercises.

A third area in which the current ARTEP is being improved is in
the training given to the evaluation team. A detailed program of in-
struction (P01) (Havron, McCullough, McFarling, & Wanschura , 1979) for
evaluators is being developed and field tested. The P01 teaches the
evaluators how to design and set up field exercises , obtain observations ,
assess unit performance , and provide feedback to the units. The guide
includes the rationale for the development of the P01, which stresses
the roles and importance of the evaluators; a command-planning module,
which presents the planning necessary to conduct an evaluator training
session; and the P01 itself.

The P01 provides structured guidance for the evaluators in all as-
pects of their duties , including each evaluator ’s role and the required
coordination of roles , methods for controlling field exercises, use of
pyrotechnic simu lator s, terrain reconnaissance for exercise lanes , data
analysis, report preparation , and postexercise critiques. The P01 con-
stitutes the first significant attempt to develop guides for persons
who evaluate unit performance in field exercises.

Engagement Simulation Field Exercise Test Bed

Although some engagement simulation (ES)- technology has been fielded
by the Army, most current ARTEP field exercises do not use objective
methods for simulating and assessing casualties. Some question exists ,
therefore , of whether the behavior displayed in these exercises repre-
sents true combat performance. The evolution of engagement simulation
from SCOPES and REALTRAIN (TC 71-5) to the Multiple Integrated Laser
Engagement System (MILES) has increased dramatically the realism of the
combat environment and the objectivity of casualty assessment. The
National Training Center (NTC) will move this evolution a step farther
by providing a computer—controlled , instrumented range with unique weapon
signatures for each weapon system in field exercises up to battalion size.

Engagement simulation exercises are superior to the ARTEP field ex-
ercises in promoting tactical behaviors , terrain appreciation, cover ,
and concealment (Havron, McFarling, Hil l , & Wanschura , l979b; Scott,
Meliza et al., 1979; Banks et al.,, 1977; Meliza et al., 1979 ; Scott ,
Banks et al., 1979). Engagement simulation provides immediate and valid
feedback to individuals and weapon crews and enhances troop motivation
and presumably readiness to learn (Sulzen & Bleda , 1979). The after
action review (AAR) gives the unit , weapon crews, and individual soldiers
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an opportunity to learn from their mistakes and benefit from the experi-
ences of the other participants.

In addition to providing a realistic combat environment, ES exer-
cises allow ample opportunities for collection of objective data on unit
performance . In March 1978, ARI produced and field tested at Fort Car-
son , Cob ., a low—cost tactical operations measurement system that is
computer-supported (Epstein , 1978). The system includes methods and
measurement forms for recording tact~.cal processes, position location
data , maneuver routes , and tactical outcomes without instrumented data
collection. The data are reduced and coded Using machine—scorable op-
tical scanning forms and are organized by the computer to provide a
coherent data base suitable for a wide variety of analyses. The NTC
will improve this data collection effort by using instrumentation that
automatically records high-resciution position location , time , and
engagement data.

In an effort to implement ES in the field , ~.RI has conducted an 
-

~~~

ongoing research program designed to incorporate the ES methodology into
the ARTEP framework. This incorporation may not be a trivial , mechani-
cal problem. ARTEP currently consists almost entirely of procedural
statements of tasks , condi tions , and standards for one side in a two-
sided game ; that is, it is formatted as a procedural checklist. ES,
however , was designed to improve training by increasing realism, particu-
larly with respect to casualty assessment. The problem is to combine
the high-fidelity outcome data available with ES with the procedural
formats related to critical- processes included in ARTEP.

The modified ARTEP discussed above attempts to relate the high-
fidelity casualty data obtained using ES methods to specific ARTEP proc—
esses and more global task statements. For example , REALTRAIN data
from the combined arms test at Fort Carson are being analyzed to estab—
lish their connection with ICRTEP-type task statements. What has evolved
to date is an experimental ARTEP format (Mirabella , 1977; Sulzen &
Root , 1976) including mission-derived tasks and conditions supported
by process and product measures of performance . This experimental for-
mat provides initial attempts to reduce limitations on performance
measures and casualty assessment characteristic of the original ARTEP
model.

Although the modified ARTEP relates objective ES outcome data to
ARTEP tasks and processes , the standards problem has not been addressed
except in a norm-referenced sense ; for example , what is the performance
level of Team A relative to some earlier point in training, or relative
to Team B? In the current operational system , the ARTEP evaluators
carry around in their heads both the scales of performance and a set
of performance criteria for applying these scales. Current ARTEPs do
not provide an appropriate set of criteria. More often than not , ARTEP
standards are either procedural statements or undefined cut points;
e.g., “casualties shall not be excessive.” Also , the current standards
are not suitable for two—sided interactive behavior . With regard 
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scales of performance , current ARTEPs provide l i t t l e  if any guidance .
ES operationalizes some of the scales of performance , although it does
not , in and of itself , provide the criteria for interpreting the per-
formance data; a new model feature is required .

Expected Values Subsystem

The expected values subsystem of the COTEAM evaluation system is
designed to provide performance criteria, standards , or benchmarks
against which ES field exercise outcomes can be compared. One objec-
tive of the subsystem is to provide a set of systematic methods for de-
fining specific behavioral and attrition expected values for ES exer—
cises based on values of external variables in a specific exercise and
the assumption of combat-ready opposing forces. The evaluation staff
can use these expected values in making evaluation decisions regarding
unit performance and in training diagnosis.

To systematize and standar- ize the evaluation of unit performance
in ES exercises , performance beuchzuarks or standards must be defined.
The dynamics of two—sided field exercises do not permit exact, deter-
ministic standards , however . The standards must be in the form of
probability distributions , tolerance limi ts, or principle—derived sets
of correct solutions to tactical problems. To establish one or more
of these types of standards , large amounts of ES outcome data must be
obtained so that the characteristics of the distributions of ES outcomes
can be determined . Because replication of field exercises is difficult
and costly , the distribution of ES outcomes cannot be generated in field
exercises. As part of the COTEAM research program, therefore, inexpen-
sive simulations of ES exercises are being developed to provide large
amounts of valid ES outcome data.

The concept of situation-specific forecasting is being used to
develop an ES outcome data base from which the characteristics of the
distributions of ES outcomes can be determined . situation-specific
(Root et al., 1978) means that the forecasting procedures replicate
the particular field exercise conditions as closely as possible; a
forecasting exercise uses the same force ratios, weapons mix , terrain,
weather conditions , and missions as the corresponding field exercise.
Given a valid data base of ES outcomes, expectations about tactical
processes and casualties can be derived for units participating in ES
field exercises. The methods being developed or adapted for generating
the data base include (a) military experts’ DELPHI, (b) board war
games , and Cc) computerized ES models.

DELPHI

The DELPHI technique is designed to exploit and enhance experts ’
judgments in analysis, evaluation , and forecasting. In its simplest
form , the DELPHI technique is a carefully designed series of individual
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interrogations (usually wri t ten  quest ionnaires) coupled with in forma-
tion and opinion feedback.

For example , suppose a panel of military experts is convened to
estimate the number of casualties a small combat unit would sustain
dur ing  a specif ic  mission . Each panel u~ember responds individually
with an initial estimate. The person in charge of the panel collects
the data and computes the median and the interquart i le  range (the inter-
val containing the middle 50% of the responses). Each panelist receives
the results and is asked to make a new estimate. In addit ion, if the
panelists ’ estimates are outside the interquartile range , panelists are
asked to indicate why their responses were different from the majority
jud gment . Thus , panelists holding extreme views are forced either to
defend their  positions with explicit reasons or to move toward the
ma jo r i t y  opinion . Results of this second i teration are tabulated and
given to the panel is ts  along with a summary of reasons presented by
those who hold extreme positions. This  process continues for four or
five rounds of voting . The median of the f i na l  set of responses is
then assumed to approximate the group judgment , and the range of re-
sponses may be presented , representing an ordered , weighted series of
jud gments, i .e., a set of answers with associated priorities.

Pi variation of the DELPHI technique that may have particular use
in COTEAM combines DELPHI with scaled or comparative judgments across
a set of stimuli. (See Wheaton and Mirabella,. 1972 , for an ilbustra—
tive application in training effect ivencss  research.)  In this case ,
empirical data on-r e fe rence  t raining units  might be used as anchors
for judgments of other assumed training levels.

The DELPHI technique typically leads to a convergence of opinion.
Other benef its gained from using DELPHI are that assumptions are made
explicit , a broad range of alternatives is produced , and judges are
sensitized to the complexities and interact ions that inf luence al ter—
nat ive outcomes. The success of the DELPHI technique , however , depends
on several factors——the “exper tness ” of the panelists , the type and - 

-amount of feedback prov ided , and the quality of the questionnaires
used.

A pilot study to determine whether mi l i t a ry  personnel could make
the judgments required for the DELPHI procedure was conducted in 1977
at Fort Ord, Calif., as part of a REALTRAIN r i f l e  squad validation
test (Mirabella, 1977). Exercise participants were asked how they
would expect infantry squads to perform on a number of variables per-
tinent to a movement to contact mission , assCiming four levels of train-
ing : BC’F; Level 2 of infant- rv \RTEP ; Level 2 , p lu s 3 or more days of
SCOPES t raining ; and combat ~.perienced . Forecasts were made for a
set of process and product variables. Results  suggested that mi l i t a ry
personnel can describe d i f fe rences  in expected performance as i function
of hypothesized level of t ra ining and that expected values form a con-
sistent ordinal scale across forecasters.
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Board uames

A second method of producing accurate forecasts was explored d u r i n g
the armor Combined Arms Test (CATEST) at Fort Carson , Cob . ,  f rom Janu-
ary  to April  1978 (Medlin , l979a) .  Us in g  scenarios identical to those
used dur ing the actual f i e ld  exer ci~.es ( i .e . ,  fo r ce  mix , OPORD , weather ,
t e r r a i n, etc. ) ,  data were collected us ing  the Fort Carson Forecasting
Game , a board war game . The q ame w~~ ~l ve leped sp e c it ~ic a l ly  t o r  the
l~ort Carson exercises. A 1:3,125 pictomap of the exercise lanes served
as the qame board. A hexagonal qrid overlay , with each hex correspond-
ing to 50 m of terrain, was placed over the map to help standardize
movement rates , detection distances , and range of weapon effectiveness .
In the two—player version of the game, each player maneuvers his forces
on a separate board , out of sight of the other player . Play is con-
trolled by a single controller , who insures observance of the rules ,
keeps exercise time movinq , delivers indirect fire , provides detections ,
and assesses casualties. Although the controller may seem to have con-
siderable power , most of his functions are clearly and precisely expli—
cated in the rules. The only subjective decision involves detections ;
if the controller is unbiased and has had some exper ience with the actual
exercise terrain , hi s decisions on detections can be fair , accurate , and
easy to make.

Resul ts of the study indicate a few small differences between fore-
cast and field exercise data ; in genera l , hcwever , the data from the two
d i f f e r en t  sources are qui te  comparable . Only two d i f f e r e n c e s  of any
magnitude were encountered——the greater casualty-inflicting ability of
the tank in the forecasting exercises and the greater lethality of ar-
tillery in the field exercises. These discrepancies do not seem to be
related to the use of different skills in the field and on the game
board . Rather, they seem to be due mainly to slight differences in the
way the ES casualty rules were enforced in the field and on the game
board .

A second study was conducted to evaluate the validity of board war
gaming as a forecasting technique to determine performance benchmarks
(Medlin , 1979b). Using data from the Combined Arms Test at Fort Carson
for March 1978 and from the Fort Carson Forecasting Game, military
judges were asked to distinguish between field exercise data and fore-
cast data. Judgments were made on maps of exercise maneuver routes and
tables summarizing data on the casualties suffered and the weapon sys-
tem which inflicted each casualty. The military judges were not able
to distinguish between field and forecast maneuver routes , and they
tended to classify forecast casualty data as field exercise casualty
data. Game board exercises, therefore , generate data similar enough
to field exercise data for use in determining characteristics of the
distribution of ES outcomes. In turn , these data can be used to define
performance benchmarks or standards for units participating in ES field
exercises.

11



Computer Simulations

Ultima tely, a computer simulation can be used to generate ES out-
come data. Input parameters can be varied to assess the effects of
external conditions and/or unit characteristics on field exercises.
To develop the algorithms necessary for a computer simulation of ES
exercises , the nature of the exercises, the processes involved in reach-
ing the f ina l  outcomes , and the relationships among the var iables af-
fecting the e,cercises must be understood much better than at present.
An exploratory effort at building a cámputer simulation to generate a
computerized data base is now in progress. The simulation is designed
to generate hypothetical casualty effects~~ s--a function—of tr~ Th±ng
level.

Suimsary of Expected Value Generation
I

Md of the above methods for expectation generation may be thought
of as combat simulations , or theoretical models of combat. The methods
must be situation—specific , replicating the field exercise battlefield
as closely as possible. Convergent and empirical validity are estab-
lished for the models if the expectations generated by them agree with
each other and with the observed values from the field validation exer-
cises, using units at assumed levels of proficiency (for example,
“combat-ready”).

If the expectations and observations do not agree, the expectation
generation methodology is not necessarily defic,~ent. One or both of
the field exercise units may not be at the assumed level of training.
This confounding of possible explanations can be minimized by using the
leaders of the field exercise units to generate expectations about their
own f ield exercises; that is , by having the same leaders forecast out-
comes and conduct identical f ie ld exercises in which outcomes are
recorded.

Because of the probabilistic relationship between behavior and at-
trition , and because of measurement error , discrepancies between expected
and observed values for these two major classes of combat dependent vari-
ables will not always be consistent across replications of the same
evaluation exercise. However , large divergence from expected values
for either class of variables should warrant additional substantiating
analyses , a reassessment of the expected—values generation methodology ,
or additional replications of the evaluation exercise. The value of
the foregoing approach is not that it immediately resolves ambiguities
associated with evaluating combat units; rather , the value of the ap-
proach is that it provides a systematic and scientific framework link-
ing combat theory and combat unit evaluation. With repeated application ,
the framework will  help resolve ambiguities associated with both combat
theory, includ ing doctrine , and combat. un i t  evaluation .
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Comparison Subsystem for Training Diagnosis

In addi t ion t o  the d iaqnos t ic s  l is ted in the modif ied  ARTEP and
the ARTEP evaluators ’ P01, the COTEAM system introduces new techniques
for assessinq training deficiencies and proficiencies. The approach
fol lows the  research methodology for model testing and bu i ld ing  out-
lined by Rapoport ( 1975) . Af te r  method s for  genera t ing  expected values
have been val idated , the expectations are used as “ ideal , ’ optima~~ or
baseline performance , and discrepancies between observed and expectei~
performance are explored . It is assumed that discrepancies w i l l  be
neithe r so barge nor so unsys temat ic  as to make the compaiison meaning-
less or useless. If  s y s t em at i c  discrepancies  ire found , they may be
in terpre ted  in terms of un i t  charac te r i s tics , ex te rna l  condit ions , doe—
trifle, or serendi pitous; e v e n t s .  If proper cont rol is exercised , the
interpretations may rest  so le ly  on u n i t  c har a c t e r i s t i c s  and , in par-
t i cu la r , on the traininq leve l of the u n i t .  If the  unit performs better
than  expected on some task , then it is proficient in that area . I f  the
u n i t  performs worse than expected , it  has a d e f i c i e ncy t hat can be ad-
dressed in subsequent t r i i n i i i q .

In the i n i t i a l  expect at ion generation process , it is assumed that
both u n i t s  are combat-ready. T hi s  assumption makes i t  possible to ob-
t a m  an “ideal’ or optimal I-.er fornun c .  reference point . For example,
suppose that a re liable  discrepancy has i-e ’ -n observed between the ex-
pected value and the observed value for a t t i i t  ion in a two-sided (Blue
versus Red) , free-play simulated combat exercise . What inferences
about the t ra in ing  leve l of the Blue and Red forces  can be made? Is
Blue attrition lower than expected because Blue tiaining is suprastan—
dard or because Red training is substandard or some combination of the
two?

To make inferences about the t r a i n i n g  level of both Blue and Red
based on relative attrition , some reference points or baselines are
needed. A minimum set of reference points are expected values for at-
trition under the following conditions: (a) Blue trained but Red not
trained , (b) Red trained but Blue not trained , and (c) neither Blue
nor Red trained . These additional expected values for attrition under
these three conditions provide anchor points on a scale that can be
used to interpret observed values of attrition for the Blue and Red
forces and to relate observed attrition to training level. Additional
reference points may be generated by representing assumed Blue and Red
training levels with other than extreme parameter values. A similar
set of reference points may be generated for quantifiable behavioral
dimensions.

Judging unit performance on the basis of a comparison between
what is expected of a unit and what it actually does is an attractively
simple idea. The comparison provides the framework needed to evaluate
units  in a context broader than a specific exercise or series of exer-
cises , yet it can be made sens i t ive  to the particular conditions under
which a unit is observed . Depending on the purpose of a particular
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evabuat ion  exercise , the comparison process can address specific train-
ing diagnostic questions , provide data for t r a in ing  management com-
parable to grade-equivalent scores , answer doctrinal questions , or
indicate readiness for combat .

SUMMAR Y

The Combat Operations Training Effectiveness Analysis Model (~~~ EAM)
is an evaluation system for combat unit performance that systematically
addresses the weaknesses inherent in the current ARTEP. ARI developed
the mode l and is conducting research on all aspects of the system. Using
the ARTEP as a starting point , the L~’OTEP~M model proposes a modified ARTEP
manual that  includes task/subtask d iagnos t ics  tha t  f a c i l i t a t e  the evalua-
tion and t r a in ing  feedback processes and an ev~iluator program ~t inStruc- 3

t ion (P01) that teaches evaluators  roles , dut ies , and how t~~ conduct a
field exercise . Furthermore , the task ’subtasks listed in the manual are
being scientifically and systematically analyzed to determine the criti-
cal events that must occur for a unit to perform its mission .

The rest of the CJrEAM evalua t ion  system is driven by the im~x 1 i f i e d
ARTEP manual .  The evatua t i on  environment is de f ined  by the m o d i f i e d
ARTEP manual (mission , posture , personnel , weapon s , et c .)  and the f i e l d
conditions (weather , t e r ra in , time of day , e t c . ) .  The unit to be evalu-
ated enters this environment with certain uni t  character is t ics  (indi-
vidual skills , unit training level , leadersh ip , etc.). A realistic com-
bat environment should be provided to assess the combat unit’s perfor-
mance on the A.RTEP tasks/subtasks. Engagement simulation (ES) is a
two—sided , f ree—play ,  tactical maneuver/f ield exercise that allows im-
mediate and realistic casualty assessment. ES f ie ld exercises provide
a realistic combat environment in which combat uni ts  can be evaluated .
(Although a high-fidelity combat environment maximizes the usefulness
of COTEAM , the model can be applied where high-fidelity technology is
not available if suitable methods are used to generate expectations.)

The expected values subsystem of COTEAM is a means of evaluating
performance in tactical f ield exercises. Given the external  conditions
as defined by the ARTEP manual , the field environment , and the ES ex—
ercise rules , expected values or expectations are generated for the
process and product outcomes of the f i e l d  exercises. These expected
values provide a baseline , benchmark , or standard with which observed
unit performance can be compa r ed . Considerable research has been di-
rected at the expected values subsystem of the COTEAM model. The DELPHI
technique , board war gaming , and computer simulations are being deve l-
oped as methods of generating expectations. Although the feasibility

~f the DE LPHI technique and computer simulat ions is still being explored ,
board war gaming has been es tab li shed as a means of generating expected
values for process and product outcomes extremely similar  to those ob-
served in field exercises.
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A comparison of the expected and observed outcomes facilitates
evaluation of unit performance and decisions concerning training level
and/or com bat readiness. This compar ison process , in conjunction with
the ARTEP manual diagnostics and the evaluator t r a in ing  provided in
the P01, provides information for feedback to the unit , particularly
feedback concern in g t r a in ing  deficiencies and proficiencies .  This feed-
back can be used to structure the unit ’s training programs.

The COTEAM evaluation system is one of the models being developed
as part of ARI ’s research on unit evaluation . The system introduces a
realistic simulated combat environment in which units perform tactical
opera tions and in which objec tive da ta can be obtained , specific pro-
cedures for determining standards against which unit performance can be
compared , and techniques for assessing training level, combat readiness ,
and training deficiencies c~ n be refined . Research is being conducted
on all  aspects of the model , and modif ica t ions  to COTEAM w i l l  incorpo-
rate the results of these efforts. The ultimate goal of this research
is to develop a criterion—referenced system for evaluating unit tactical
performance .
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